Following Hickman's (1) description of the anesthetic effects of carbon dioxide in dogs, few studies were made on the effects in mammals of CO2 as an anesthetic, until Graham et al. (2, 3) reported that dogs could be anesthetized with carbon dioxide for more than 1hr without blood pressure or electrocardiographic (ECG) abnormalities occurring. They found that a 20-75% level of CO2 (plus in combination with 80-25% O2) was required to keep the animals under sedation, and that 80% CO2 was the critical point at which the CO2 concentrations became lethal.
Mitsuda et al. (4) drew attention to the fact that the germination rate of unhulled rice could be maintained at the very high level of 95% or more when the rice was kept in an atmosphere of carbon dioxide for even as long as several years. He hypothesized that hibernation in toads might be controlled by a combination of low temperature and accumulation of carbon dioxide in the earth in which the toads bury themselves and remain throughout the winter. The purpose of the present paper is to determine the physiological significance of carbon dioxide anesthesia on serum biochemical patterns and on histopatho logical changes of organs in rats.
MATERIALS AND METHODS
In order to investigate the complicated physiological effects of carbon dioxide in animals, various methods must be employed. Comparative results between rats under CO2 anesthesia and a control group were obtained for serum biochemical patterns, partial gas pressure in arterial blood, and physiological functions (body temperature, respiration, heart rate and blood pressure). Autopsies and histo pathological studies were also performed. Six hundred male Sprague-Dawley (S. D.) rats, eight weeks old, were used as the experimental animals. The rats were fed on commercial diet and bred in aseptic cages before use. They were pre-anesthetized with pentobarbital, 50mg per kg body weight by intraperitoneal injection just prior to the experiment.
A control group of two hundred rats was kept in the same conditions but allowed to breathe ordinary air. The experiments were conducted at room temperature.
Gas mixture. The gas mixture inhaled by the experimental group was a 40% CO2-60% O2 mixture produced in the apparatus diagrammed in Fig. 1 . This CO2 level is sufficient to keep the rats under anesthesia. Tracheotomies were performed on the animals to ensure the maintenance of accurate inhalation of the gas.
Measurement of physiological functions. Heart rate, respiration and blood pressure were recorded using sensors set in a polygraph RM-6200 (Nihon Koden Co., Ltd., Japan). Body temperature was taken using a rectal thermometer, and 
RESULTS
The effects of carbon dioxide on heart rate, respiration, body temperature and blood pressure In the experimental group that inhaled CO2 gas, there was a gradual decrease in respiration, heart rate, body temperature and blood pressure as shown in Figs. 2 and 3. The abrupt rises and falls in heart rate, respiration and blood pressure were observed immediately after the inhalation of CO2 gas. The abrupt falls may be caused by the unusually high concentration of CO2 in the inhaled air, and the following rises may be due to the biological regulation mechanism of the rats. In the control group which was allowed to inhale ordinary air, there was a gradual increase in both respiration and heart rate. Body temperature decreased in the control group during the first hour and then began to increase, probably because of awaking from anesthesia with pentobarbital. The blood pressure of the control group remained slightly higher than the pre-experimental level. The four biological functions of blood pressure, body temperature, respiration and heart rate were not recorded for a full 3-hr period because the animals began to awaken from the pre anesthesia after 1.5hr. The experimental group was maintained at a stable anesthetized level for the entire 3hr by the presence of the 40% CO2-60% O2 mixture.
The effects of carbon dioxide on the levels of exudate to thorax and ascites, and on organ weight
The most serious effects of carbon dioxide included respiratory acidosis, which was followed by metabolic disorders in the respiratory and circulatory systems of the experimental animals. Functional disorders of the lungs, liver and kidneys may cause fatalities if the gas is inhaled continuously over a long period of time. However, for the short periods of the experiments, the animals were able to recover rapidly from adverse effects when allowed to breathe ordinary air, because the CO2 was quickly excreted from their bodies. Table 1 shows the amount of exudate to thorax and ascites and the organ weight in four groups of rats; the first group is the control, inhaling ordinary air; the second is the experimental group, inhaling carbon dioxide gas for 3hr; the third is a recovery group which inhaled carbon dioxide gas for 3hr and then ordinary air for 5hr; and the fourth is another recovery group which inhaled carbon dioxide gas for 3hr followed by inhaling ordinary air for 24hr. The physiological effects of carbon dioxide can be seen here to be deleterious, but not substantially toxic because all functions return to pre-experimental levels within 24hr at the latest.
The effects of carbon dioxide on the hematological and serum biochemical patterns Table 2 shows typical effects of CO2 on hematological and serum biochemical patterns.The significant increase in hematocrit relates to both the respiratory acidosis and exudate to thorax indicated in Table 1 .
The increases of glucose, inorganic phosphorus, uric acid, blood urea nitrogen (BUN), glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase effects are only slight, and that normal functioning resumes when the animals are removed from the gaseous condition and returned to ordinary air.
DISCUSSION
In the present study, rats were anesthetized with a mixture of 40% carbon dioxide and 60% oxygen for 3hr. The carbon dioxide alone was sufficient to maintain the animals at an anesthetized level. The results obtained here were similar to those of Graham et al. (2, 3) who concluded that dogs could be anesthetized with mixtures of 20 to 75% CO2 (the remainder being oxygen) for more than 1hr without any significant changes in physiological functions when appropriate artificial ventilation was applied.
Johnson et al. (5) reported that there was a drop in heart rate and in mean blood pressure when cats inhaled mixed gas of 10% CO2 and 90% O2. They suggested that changes in blood pressure might result from sensitivity in the spinal cord to CO2 and/or its sympathetic nerve system connections. Although the present report agrees with Johnson's (5) concerning heart rate and blood pressure, neverthe Table 3 . The effects of carbon dioxide on cellular degeneration of organs in rats.
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There have been several reports made on rats being exposed to 100% CO2 for 10 to 25 sec. They suffered from severe retrograde amnesia for a task learned during the time immediately prior to the experiment (6-8). Wasterlain (9) found that rats repeatedly exposed to an atmosphere of CO2 for 25 sec had a lower rate of RNA synthesis than the control group. There was a significant difference between the composition of the gas in the case of Wasterlain's experiment and the present one, so it is still unclear whether RNA synthesis was depressed or whether the result was related to variations in serum biological and biochemical patterns. Further studies are necessary to clarify this point.
Though Graham et al. (2, 3) found that respiratory arrest occurred when the inhaled carbon dioxide content varied between 23 and 55% depending upon the pre anesthetic used and its concentration, in this study rats were sufficiently anesthe tized with up to 40% CO2 (the remainder being oxygen) for as long as 3hr, probably due in part to lingering effects of the pre-anesthetic pentobarbital. The patterns of pHa, PaO2 and PaCO2 are interesting when connections are hypothesized between physiological function, level of anesthetic effect, biochemical disorders in organs and cellular degeneration in organs, but the relations between them and their feedback systems are not analyzed here.
One of the most interesting results was that significantly raised levels of several serum biochemical functions returned to normal within only 24hr, so the effects of CO2 can be considered temporary and mild. In addition, the side-effects of CO2 on histopathological forms in several organs were generally mild and presumed to be recoverable when the rats inhaled ordinary air. Further studies are required in order to clarify the nature of these recovery systems.
